The emergence of Middle East respiratory syndrome showed once again that 30 coronaviruses (CoVs) in animals are potential source for epidemics in humans. To 31 explore the diversity of deltacoronaviruses in animals in the Middle East, we tested 32 fecal samples from 1,356 mammals and birds in Dubai. Four novel deltacoronaviruses 33 were detected from eight birds of four species by RT-PCR: FalCoV UAE-HKU27 34 from a falcon, HouCoV UAE-HKU28 from a houbara bustard, PiCoV UAE-HKU29 35 from a pigeon and QuaCoV UAE-HKU30 from five quails. Complete genome 36 sequencing showed that FalCoV UAE-HKU27, HouCoV UAE-HKU28 and PiCoV 37 UAE-HKU29 belong to the same CoV species, suggesting recent interspecies 38 transmission between falcons and their preys, houbara bustards and pigeons possibly 39 along the food chain. Western blot detected specific anti-FalCoV UAE-HKU27 40 antibodies in 33 (75%) of 44 falcon serum samples, supporting genuine infection in 41 falcons after virus acquisition. QuaCoV UAE-HKU30 belongs to the same CoV 42 species as PorCoV HKU15 and SpCoV HKU17 discovered previously from swine 43 and tree sparrows respectively, supporting avian-to-swine transmission. 44 Recombination involving the spike protein is common among deltacoronaviruses, 45 which may facilitate cross-species transmission. FalCoV UAE-HKU27, HouCoV 46 UAE-HKU28 and PiCoV UAE-HKU29 were originated from recombination between 47 WECoV HKU16 and MRCoV HKU18; QuaCoV UAE-HKU30 from recombination 48 between PorCoV HKU15/SpCoV HKU17 and MunCoV HKU13, and PorCoV 49 HKU15 from recombination between SpCoV HKU17 and BuCoV HKU11. Birds in 50 the Middle East are hosts for diverse deltacoronaviruses with potential for interspecies 51 transmission. 52
INTRODUCTION
6 groups, which has broadened our knowledge on the diversity and evolution of CoVs 92 (7, (26) (27) (28) (29) . 93
Birds are the reservoir of major emerging viruses, most notably, avian 94 influenza viruses (30). Due to their flocking behavior and abilities to fly over long 95 distances, birds have the potential to disseminate emerging viruses efficiently among 96 themselves and to other animals and human. Yet, the number of known CoVs in birds 97 is relatively small as compared to bats. In 2009, we described the discovery of three 98 novel CoVs in three families of birds, named bulbul coronavirus HKU11 (BuCoV 99 HKU11), thrush coronavirus HKU12 (ThCoV HKU12) and munia coronavirus 100 HKU13 (MunCoV HKU13) (31). These three CoVs formed a unique group of CoV, 101 which were subsequently classified as a novel genus of CoV, Deltacoronavirus (4). 102 9 nsp5 (putative chymotrypsin-like protease [3CL pro ]), nsp12 (putative RdRp), nsp13 144 (putative helicase) and other proteins of unknown functions. Overall, the cleavage 145 sites for the non-structural proteins in ORF1ab of FalCoV UAE-HKU27, HouCoV 146 UAE-HKU28, PiCoV UAE-HKU29 and QuaCoV UAE-HKU30 were similar to other 147 deltacoronaviruses, except for nsp3/nsp4 and nsp15/16 in FalCoV UAE-HKU27, 148
HouCoV UAE-HKU28 and PiCoV UAE-HKU29 (Table 4 ). In fact, the amino acids 149 downstream to the putative cleavage site at nsp3/nsp4 are quite variable across 150 different deltacoronaviruses (Table 4 ). As for the amino acids downstream to the 151 putative cleavage site at nsp15/nsp16, they are AL instead of SL (Table 4) . 152
The four novel CoVs display a similar genome organization and differ only in 153 the number of ORFs downstream of N ( Fig. 2) . Their transcription regulatory 154 sequences (TRSs) conform to the consensus motif 5′-ACACCA-3′ (Table 3) CoVs should be subspecies of a novel CoV species (Table 5A) . As for QuaCoV HKU30, its overall amino acid sequences showed more than 90% identity to those of 198 PorCoV HKU15 and SpCoV HKU17, indicating that QuaCoV UAE-HKU30, 199
PorCoV HKU15 and SpCoV HKU17 should be subspecies of the same CoV species 200 (Table 5B) . Similar to birds in Hong Kong, birds in the Middle East are also hosts for a diversity 235 of deltacoronaviruses. In 2009, we reported the discovery of three novel avian CoVs 236 that were phylogenetically distinct from infectious bronchitis virus (31). These three 237
CoVs were found in fecal samples of bulbuls, thrushes and munias in Hong Kong (31). 238
In 2011, the ICTV approved the classification of these three avian CoVs as a novel 239 genus Deltacoronavirus in the Coronaviridae family (4). In 2012, in a large 240 epidemiological study, we discovered seven additional deltacoronaviruses (32). 
